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(54) Adaptive antenna receiving apparatus 



(57) An adaptive antenna receiving apparatus 
which receives signals at a plurality of antennas (1-1 to 
1-N), multiplies each of the thus received signals with a 
weighting coefficient, and adds the products to one an- 
other to thereby detect the signals, is characterized by 



(a) initial receipt weight calculators (3-1-2to3-M-2) each 
of which calculates an initial weighting coefficient, based 
on the received signals, and (b) adaptive receivers 
(3-1-1 to 3-M-1) each of which updates the weighting 
coefficient in accordance with the received signals. 
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Description 

BACKGROUND OF THE iNVENTION 
FIELD OF THE INVENTION 

[0001] The invention relates to an adaptive antenna receiving apparatus, and more particularly to an adaptive an- 
tenna receiving apparatus which is capable of rapidly carrying out adaptive convergence by virtue of an initial weight 
close to a convergent value of adaptive weight. 

DESCRIPTION OF THE PRIOR ART 

[0002] A CDMA (Code Division Multiple Access) adaptive antenna receiving apparatus has been conventionally used 
for rennoval of interference caused by antenna directivity, as suggested in the following documents: 

(A) Oh, Kohno and Imai, "TDL Adaptive Array Antenna using diffusion gain for accomplishing spectrum diffusion 
multiple access", Electronic Infomiation Communication Academy, Vol. J75-BII, No. 11, pp. 815-825, 1992; and 

(B) Tanaka, Miki and Sawahashi, "Characteristics of Judgment Feedback type Coherent Adaptive Diversity in 
DS-CDMA", Electronic Infomnation Communication Academy, Radio Communication System Team Technical Re- 
port RC96-102, November 1996. 

[0003] It is assumed that the illustrated CDMA adaptive antenna receiving apparatus includes N antennas wherein 
N is an integer equal to or greater than 2, and M multi-paths wherein M is an integer equal to or greater than 1 , and is 
directed to a K-th user wherein K is an integer equal to or greater than 1 . 

[0004] With reference to FIG. 1 , signals received at first to N-th antennas 11 0-1 to 11 0-N are divided to first to M-th 
paths in accordance with delay time, and input into both second to M-th delay units 120-2 to 120-M and first to M-th 
adaptive receivers 130-1 to 130-M. The delay units 120-2 to 120-M delay the input signals for synchronizing the Input 
signals with the first path with respect to a timing. Thus, since the first delay unit 120-1 causes zero (0) delay, the first 
delay unit 120-1 is not illustrated in FIG. 1. 

[0005] Output signals transmitted from the first to M-th adaptive receivers 130-1 to 1 30-M are added to one another 
in an adder 1 40, and the thus added output signals are input into a judge 150. The judge 1 50 transmits its output signal 
as a receipt symbol for the K-th user, which output signal is transmitted also to the first to M-th adaptive receivers 130-1 
to 130-M. 

[0006] Since the first to M-th adaptive receivers 130-1 to 130-M are designed to have the same structure, only the 
adaptive receiver of an m-th path (1^m^M) is illustrated in FIG. 2. 

[0007] The received signals are diffused and demodulated in first to N-th reverse diffusion units 161-1 to 161-N, and 
thereafter, transmitted to both first to N-th multipliers 162-1 to 162-N and a delay unit 163. The received signals are 
multiplied with receipt weight in first to N-th multipliers 1 62-1 to 1 62-N. The signals having been multiplied with receipt 
weight are added to one another in an adder 164. Thus, the received signals are weighted. 

[0008] The thus weighted signals are transmitted to a multiplier 165, a communication path estimating unit 1 66 and 
an adder 169. The communication path estimating unit 166 estimates deformation in communication paths. The de- 
fonnation estimated by the communication path estimating unit 166 is transmitted to the multiplier 165 through a com- 
plex conjugate generating unit 1 67, and is multiplied with the weighted signals in the multiplier 165. 
[0009] An output signal transmitted from the multiplier 165 defines a demodulated signal for the m-th path, and is 
transmitted to the adder 140 illustrated in FIG. 1 . 

[0010] The adder 1 40 adds output signals transmitted from the first to M-th adaptive receivers 130-1 to 130-M, to 
one another in RAKE synthesis, and transmits an output signal to the judge 1 50, which judges the signals with respect 
to data symbol. 

[0011] In the adaptive receiver, an output signal transmitted from the judge 150 is multiplied with an output signal 
transmitted from the communication path estimating unit 166, in a multiplier 168, and then, input into the adder 169. 
The adder 1 69 calculates an error by subtracting an output transmitted from the adder 1 64, from an output transmitted 
from the multiplier 168, and transmits the thus calculated error to an adaptively updating unit 1 70. 
[0012] The adaptively updating unit 170 updates receipt weight, based on the error transmitted from the adder 169 
and a signal received at the antenna which signal Is delayed by the delay unit 163 by a period of time necessary for 
demodulating the signal. Herein, there may be used a known algorithm such as least mean square algorithm, as an 
algorithm for adaptively updating receipt weight. 

[0013] In the above-mentioned conventional adaptive antenna receiving apparatus, adaptive control is usually carried 
out by selecting a weight by which signals can be received regardless of signal-receipt conditions, as initial receipt 
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weight, in order to make it possible to receive signals in any condition , taking into consideration that signals come In 
different directions in dependence on signal-receipt conditions. For instance, a weight by which antenna directivity is 
non-directional is selected as such a weight. However, this causes a problem that it would take nnuch time for receipt 
weight to converge to optimal receipt weight after receipt weight has been started to be adaptively updated. 

5 

SUMMARY OF THE INVENTION 

[0014] In view of the above-mentioned problems in the conventional adaptive antenna receiving apparatus, it is an 
object of the invention to provide an adaptive antenna receiving apparatus which is capable of detemnining initial an- 
^0 tenna receipt weight in accordance with signal-receiving conditions, and enhancing a convergence rate at which receipt 
weight is adaptively updated. 

[0015] The adaptive antenna receiving apparatus in accordance with the present invention is characterized in that 
receipt weight is estimated before receipt weight is updated or during receipt weight is being updated, and determines 
the estimated receipt weight as initial receipt weight. 

15 [0016] Specifically, there is provided an adaptive antenna receiving apparatus which receives signals at a plurality 
of antennas, multiplies each of the thus received signals with a weighting coefficient, and adds the products to one 
another to thereby detect the signals, characterized by initial receipt weight calculators each of which calculates an 
initial weighting coefficient, based on the received signals, and adaptive receivers each of which updates the weighting 
coefficient in accordance with the received signals. 

20 [0017] The advantages obtained by the aforementioned present invention will be described hereinbelow. 

[0018] One advantage is that it is possible to shorten a time necessary for receipt weight to converge. This is because 
that receipt weight which will accomplish in-phase synthesis Is obtained before receipt weight is adaptively updated, 
and the thus obtained receipt weight is used as initial receipt weight for updating receipt weights. 
[0019] Another advantage is that it is possible to prevent degradation in characteristics, caused by rapid change in 

25 a direction in which signals arrive at antennas. This is because the adaptive antenna receiving apparatus in accordance 
with the present invention detects follow-up delay in adaptive control, caused by rapid change in direction in which 
signals arrive at antennas, and presets receipt weight as optimal initial receipt weight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0020] 

FIG. 1 is a block diagram of a conventional CDMA adaptive antenna receiving apparatus. 
FIG. 2 is a block diagram of an adaptive receiver in the conventional CDMA adaptive antenna receiving apparatus 
35 illustrated in FIG. 1. 

FIG. 3 is a block diagram of a CDMA adaptive antenna receiving apparatus in accordance with the first embodiment 
of the invention, 

FIG. 4 is a block diagram of an adaptive receiver in the CDMA adaptive antenna receiving apparatus illustrated in 
FIG. 3. 

40 FIG. 5 is a block diagram of an Initial receipt weight calculator in the CDMA adaptive antenna receiving apparatus 

illustrated in FIG. 3. 

FIG. 6 is a block diagram of another initial receipt weight calculator in the CDMA adaptive antenna receiving 
apparatus illustrated in FIG. 3. 

FIG. 7 illustrates a difference between a direction in which signals arrive at antennas arranged in a line, and a 
45 phase in received signals. 

FIG. 8 is a block diagram of a CDMA adaptive antenna receiving apparatus in accordance with the second em- 
bodiment of the invention. 

FIG. 9 is a block diagram of an initial weight calculator in the CDMA adaptive antenna receiving apparatus illustrated 
in FIG. 8. 

50 FIG. 1 0 is a block diagram of a follow-up delay detector in the CDMA adaptive antenna receiving apparatus illus- 

trated in FIG. 8. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 [0021] In FIG. 3 the illustrated CDMA adaptive antenna receiving apparatus is directed to a K-th user wherein K is 
an integer equal to or greater than 1 . 

[0022] The CDMA adaptive antenna receiving apparatus is comprised of first to N-th antennas 1-1 to 1 -N wherein 
N is an integer equal to or greater than 2, first to M-th multi-paths wherein M is an integer equal to or greater than 1 , 



3 



EP1 185 003 A2 

first to M-th receivers 3-1 to 3-M, first to {M-1)-th delay units 2-2 to 2-M, an adder 4, and a judge 5, 

[0023] Each of the first to M-Xh receivers 3-1 to 3-M is comprised of an adaptive receiver 3-1 -1 to 3-M-1 , and an initial 

receipt weight calculator 3-1 -2 to 3-M-2. 

[0024] The first to N-th antennas 1-1 to 1-N are connected to the first to M-th receivers 3-1 to 3-M through the multi- 
5 paths. Signals received at the first to N-th antennas 1-1 to 1-N are transmitted directly to the first receiver 3-1, and 
transmitted to the second to M-th receivers 3-2 to 3-M through the first to (M-1)-th delay units 2-2 to 2-M. The first to 
(M-i )-th delay units 2-2 to 2-M delays the received signals such that the received signals in the multi-paths are syn- 
chronized with one another. 

[0025] Output signals transmitted from the first to M-th receivers 3-1 to 3-M are added to one another in the adder 
10 4. The adder 4 transmits its output signal to the judge 5, and the judge 5 judges transmission symbol of the K-th user, 
based on the received output signal. The judged symbol is input into the first to M-th receivers 3-1 to 3-M for updating 
receipt weight. 

[0026] Since the adaptive receivers 3-1-1 to 3-M-1 are designed to have the same stmcture, only the adaptive re- 
ceiver 3-1-1 is explained hereinbelow with reference to FIG. 4. 
15 [0027] The adaptive receiver 3-1-1 is comprised of first to N-th reverse diffusion units 10-1 to 10-N, an adaptively 
updating unit 11 , first to N-th multipliers 12-1 to 12-N, afirst adder 13-1 , a second adder 13-2, a delay unit 14, an output 
multiplier 15-1 , an input multiplier 15-2, a communication path estimating unit 16, and a complex conjugate generator 
17. 

[0028] The signals received in the adaptive receiver 3-1-1 are diffused and demodulated in the reverse diffusion 
20 units 10-1 to 10-N. The diffused and demodulated signals are multiplied with an antenna weight transmitted from the 
adaptively updating unit 11 , in the first to N-th multipliers 12-1 to 12-N, and thereafter, added to one another in the first 
adder 1 3-1 . The diffused and demodulated signals are input also to the delay unit 14. 

[0029] The signals added to one another in the first adder 13-1 are multiplied with reverse characteristics of com- 
munication path estimated by the communication path estimating unit 16 and generated by the complex conjugate 

25 generator 17, in the output multiplier 15-1. Estimate in the communication path estimating unit 16 is carried out by 
measuring transmission path characteristics, based on periodically inserted known symbols, and inserting the meas- 
ured characteristics in time series to thereby estimate transmission paths for all symbols, as suggested in Mihei, "Com- 
pensation for Phasing Deformation in 1 6QAM for Land Mobile Communication", Electronic Information Communication 
Academy, Vol. J72-BII, No. 1, pp. 7-15, 1989, for instance. 

30 [0030] The output multiplier 15-1 transmits its output signal to the adder 4. The adder 4 adds the received output 
signal to the output signals transmitted from the second to M-th receivers 3-2 to 3-M. After the adder 4 has added the 
output signals transmitted from the first to M-th receivers 3-1 to 3-M, to one another, the adder 4 transmits its output 
signal to the judge 5. The judge result transmitted from the judge 5 is multiplied in the input multiplier 15-2 with the 
estimated deformation of communication path, transmitted from the communication path estimating unit 16. Thus, a 

35 signal before being detected is reproduced. 

[0031] The second adder 13-2 calculates an error defined as a difference between the thus reproduced signal and 
the output signal transmitted from the first adder 13-1 . The thus calculated error is input into the adaptively updating 
unit 11 for adaptively updating receipt weight. 

[0032] The adaptively updating unit 11 adaptively updates receipt weight through the use of the error transmitted 
40 from the second adder 13-2 and the output signal transmitted from the delay unit 1 4. There may be used least mean 
square error control as an algorithm for adaptively updating receipt weight, where an antenna weight transmitted from 
the initial receipt weight calculator 3-1 -2 is used as initial receipt weight. 

[0033] Since the initial receipt weight calculators 3-1 -2 to 3-M-2 are designed to have the same structure, only the 
initial receipt weight calculator 3-1 -2 is explained hereinbelow with reference to FIG. 5. 

45 [0034] The initial receipt weight calculator 3-1 -2 is comprised of first to N-th reverse diffusion units 20-1 to 20-N, first 
to N-th communication path estimating units 21 -1 to 21 -N, and first to N-th complex conjugate generators 22-1 to 22-N. 
[0035] tn the initial receipt weight calculator 3-1 -2, each of the signals having been received at the first to N-th an- 
tennas 1-1 to 1-N is diffused and demodulated in each of the first to N-th reverse diffusion units 20-1 to 20-N. 
[0036] The thus diffused and demodulated signals are input into the first to N-th communication path estimating units 

50 21-1 to 2 1-N. Each of the first to N-th communication path estimating units 21-1 to 21 -N estimates a communication 
path for each of the signals received at the first to N-th antennas 1-1 to 1-N. 

[0037] The first to N-th complex conjugate generators 22-1 to 22-N detects reverse characteristics of the communi- 
cation paths, based on the output signals transmitted from the communication path estimating units 21-1 to 21 -N. The 
first to N-th complex conjugate generators 22-1 to 22-N transmits output signals A-1 to A-N to the first to M-th adaptive 
55 receivers 3-1 to 3-m as initial receipt weights. The output signals A-1 to A-N are transmitted only once when receipt 
weight starts being updated. 

[0038] When the antennas 1-1 to 1 -N receive a plurality of burst signals at a certain interval, the receipt weights or 
weight coefficients are calculated for each of the burst signals, based on the received burst signals, and the thus 
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calculated receipt weights are input into the first to M-th adaptive receivers. Hereinafter, the first to N-th adaptive 
receivers 3-1 to 3-M adaptiveiy updates receipt weights or weight coefficients in the same burst signal, based on the 
received signals, to thereby detect the signals. 

[0039] Since the output signals A-1 to A-N transmitted from the complex conjugate generators 22-1 to 22-N represent 
reverse characteristics of communication paths of the antennas 1-1 to 1-N, it would be possible to compensate for 
defomnation in the communication paths associated with the antennas 1-1 to 1-N by multiplying the reverse charac- 
teristics with the signals received at the antennas 1-1 to 1-N. and it would be also possible to accomplish in-phase 
synthesis of the received signals by synthesizing the thus compensated signals to one another. Since the in-phase 
synthesis maximizes power in a desired signal, it would be possible to establish directivity where beams are directed 
to a direction in which a desired signal comes, before receipt weight starts being updated. 
[0040] FIG. 6 is a block diagram of another initial receipt weight calculator 

[0041] In this embodiment, a direction In which signals come is estimated, based on estimated communication path 
characteristics in each of the antennas, and initial receipt weight Is calculated, based on the thus estimated direction. 
[0042] The initial receipt weight calculator illustrated In FIG. 6 is comprised of first to N-th reverse diffusion units 31-1 
to 31 -N, first to N-th communication path estimating units 32-1 to 32-N, a direction estimating unit 33, and a receipt 
weight calculator 34. 

[0043] The signals having been received at the antennas 1 -1 to 1 -N are diffused and demodulated in the first reverse 
diffusion units 31-1 to 31 -N for each of the antennas 1-1 to 1 -N. The first to N-th communication path estimating units 
32-1 to 32-N receive the thus diffused and demodulated signals from the first to N-th reverse diffusion units 31-1 to 
31 -N, respectively, and estimate communication path characteristics of each of the antennas 1-1 to 1-N. 
[0044] The direction estimating unit 33 estimates a direction in which the received signals came, based on the output 
signal transmitted from the first to N-th communication path estimating units 32-1 to 32-N. 

[0045] Estimation of the direction may be accomplished by means of, for instance, MUSIC (Multiple Signal Classifi- 
cation) algorithm suggested in R. O. Schmidt, "Multiple Emitter Location and Signal Parameter Estimation", IEEE Trans. 
Vol. AP-34, No. 3, pp. 276-286, March 1986, or ESPRIT algorithm suggested in R. Roy and T Kailath, "ESPRIT-Esti- 
mation of Signal Parameters via Rotational I nvariance Techniques", IEEE Trans. Vol. ASSP-37, pp. 984-995, July 1 989. 
[0046] As an alternative, since the difference in communication path characteristics among the antennas constitutes 
a phase difference in received signals, which phase difference is determined only by geometrical arrangement of an- 
tennas and a direction in which signals come, the latter can be estimated based on phase difference in received signals. 
[0047] FIG. 7 shows the relation between the phase difference in signals received at antennas arranged in a line, 
and the direction in which signals come. The phase difference 0 between adjacent antennas is defined in accordance 
with the following equation. 



[0048] In the equation, "d" indicates the distance between antennas, and "0" gives s the direction in which signals 
come. 

[0049] In the equation, the distance "d" Is set to one half of a wavelength of a carrier wave. Accordingly, it is possible 
to approximate the estimated communication path between adjacent antennas to a phase difference between the 
antennas. 

[0050] Assuming that hn(t) indicates estimation of n-th communication path at time "t" (0^n<N-1), correlation R^ 
(t) between hn(t) and hp^.,(t) at time T is defined in accordance with the following equation. 



[0051] In the equation, "*" indicates complex conjugate. 

[0052] Con-elation R(t) obtained by averaging the above-mentioned correlation Rn,n+i W by the antennas at time T 
is defined in accordance with the following equation. 



,n.l(t) = hn{t)h*n.l(t) 
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[0053] Further, time-averaged correlation R obtained by time-averaging the correlation R(t) is defined in accordance 
with the following equation. 



[0055] The receipt weight calculator 34 calculates receipt weights by which the received phase can be turned into 
a reverse phase, based on the estimated direction, and outputs the thus calculated receipt weights B-1 to B-N as initial 
receipt weights. The initial receipt weights B-1 to B-N are output only once when receipt weights start being updated, 
similarly to the output signals A-1 to A-N transmitted from the first to N-th complex conjugate generators 22-1 to 22-N 
illustrated In FIG, 5. 

[0056] It is necessary that the time necessary for the first to M-th initial receipt weight calculators 3-1 -2 to 3-M-2 to 
output initial receipt weights is shorter than a period of time for adaptive control weight using the receipt weight to 
converge. The initial receipt weight calculators illustrated in FIGs. 5 and 6 make it possible to output receipt weights 
rapidly. 

[0057] FIG. 8 shows a second embodiment of the invention. The Illustrated CDMA adaptive antenna receiving ap- 
paratus is directed to a K-th user wherein K is an integer equal to or greater than 1 . 

[0058] The CDMA adaptive antenna receiving apparatus is comprised of first to N-th antennas 1-1 to 1-N wherein 
N is an integer equal to or greater than 2, first to M-th multi-paths wherein M is an integer equal to or greater than 1 , 
first to M-th receivers 3-1 to 3-M, first to (M-1)-th delay units 2-2 to 2-M, an adder 4, and a judge 5. 
[0059] Each of the first to M-th receivers 3-1 to 3-M is comprised of an adaptive receiver 3-1-1 to 3-M-1 , an initial 
receipt weight calculator 3-1-2 to 3-M-2, and a follow-up delay detector 3-1-3 to 3-M-3. 

[0060] The first to N-th antennas 1 -1 to 1-N are connected to the first to M-th receivers 3-1 to 3-M through the first 
to M-th multi-paths. Signals received at the first to N-th antennas 1 -1 to 1 -N are transmitted directly to the first receiver 
3-1 , and transmitted to the second to M-th receivers 3-2 to 3-M through the first to (M-1 )-th delay units 2-2 to 2-M. The 
first to (M-1 )-th delay units 2-2 to 2-M delays the received signals such that the received signals in the multi-paths are 
synchronized with one another. 

[0061] Output signals transmitted from the first to M-th receivers 3-1 to 3-M are added to one another in the adder 
4. The adder 4 transmits its output signal to the judge 5, and the judge 5 judges transmission symbol of the K-th user, 
based on the received output signal. The judged symbol is Input into the first to M-th receivers 3-1 to 3-M for updating 
receipt weight. 

[0062] Since the adaptive receivers 3-1 -1 to 3-M-1 are designed to have the basically same structure as the structure 
of the adaptive receiver 3-1 -1 in the first embodiment, having been explained with reference to FIG. 4. The adaptive 
receivers 3-1-1 to 3-M-1 in the second embodiment are structurally different from the adaptive receiver 3-1-1 in the 
first embodiment in that the adaptively updating unit 11 outputs receipt weight non only to the first to N-th multipliers 
12-1 to 12-N, but also to the follow-up delay detector 3-1-3, and that when the adaptive receiver 3-1-1 receives initial 
receipt weight from the initial weight calculator 3-1-2, the adaptive receiver 3-1-1 surely continues updating receipt 
weight, based on the received initial receipt weight. The adaptive receivers 3-1-1 to 3-M-1 in the second embodiment 
operate in the same way as the adaptive receiver 3-1 -1 in the first embodiment except the above-mentioned ones. 
[0063] The initial receipt weight calculator 3-1-2 illustrated In FIG. 9 is comprised of first to N-th reverse diffusion 
units 41-1 to 41-N, first to N-th communication path estimating units 42-1 to 42-N, a direction estimating unit 43, and 
a receipt weight calculator 44. 

[0064] The initial receipt weight calculator 3-1 -2 illustrated in FIG. 9 has the same structure as that of the initial receipt 
weight calculator In the first embodiment, illustrated in FIG. 6, except that the direction estimating unit 43 transmits its 
estimation signal not only to the receipt weight calculator 44, but also to the follow-up delay detector 3-1 -3 as an output 
signal D, and that the receipt weight calcu later 44 outputs receipt weights 0- 1 to C-N on receipt of a preset input signal E . 




[0054] Thus, the angle G in which signals come can be calculated as follows. 



^ = sin"^ ~arg(/?) 



n 
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[0065] FIG. 1 0 shows the follow-up delay detector of the second embodiment. Since the first to M-th follow-up delay 
detectors 3-1 -3 to 3-M-3 have the same structure, only the first follow-up delay detector 3-1 -3 is explained hereinbelow 
with reference to FIG. 10. 

[0066] The first follow-up delay detector 3-1 -3 is comprised of a peak direction detector 51 and a comparator 52. 
[0067] On receipt of receipt weight from the first adaptive receiver 3-1-1 , the peak direction detector 51 detects a 
peak direction, and outputs the thus detected peak direction to the comparator 52. 

[0068] The peak direction detector 51 detects a peak direction, for instance, by calculating correlation among receipt 
weights. 

[0069] Assuming that wn(t) indicates n-th receipt weight at time T (0^n<N -1), correlation (t) between wn(t) 

and Wn^.,(t) at time "t" is defined in accordance with the following equation. 

Rn.n4l(t)-W,(t)W*,,,(t) 

[0070] In the equation, indicates complex conjugate. 

[0071] Correlation R(t) obtained by averaging the above-mentioned correlation Rp.n+i W ^^e antennas at time "t" 
is defined in accordance with the following equation. 



^ i rt=0 



[0072] Further, time-averaged correlation R obtained by time-averaging the correlation R(t) is defined in accordance 
with the following equation. 



1 r-i 1 7-1 1 N-2 



[0073] As has been explained in the first embodiment, the angle e in which signals come can be calculated as follows. 



6 = sin" 



-arg(/?) 



[0074] The thus calculated angle G is output from the peak direction detector 51 . 

[0075] As an alternative, one may calculate the correlation between receipt weight transmitted from the first adaptive 
receiver 3-1 -1 and fixed beam weights in all directions. The peak direction detector 51 may be designed to output a 
signal indicative of a direction of fixed beam weight in which the correlation is maximum. 

[0076] The comparator 52 calculates the difference between the output signal transmitted from the peak direction 
detector 51 and the estimated direction D transmitted from the direction estimating unit 43, and compares this difference 
with a direction difference threshold. When the difference is greater than the direction difference threshold, the com- 
parator 52 judges that follow-up delay of adaptive control weight occurs, and outputs the preset signal E accordingly. 
[0077] In accordance with the second embodiment, even if a direction in which signals come rapidly changes, the 
initial receipt weight calculators can promptly apply receipt weight which compensates for the rapid change in direction, 
to the adaptive control, and hence, it would be possible to avoid degradation in characteristics, caused by follow- up 
delay in adaptively updating receipt weight. 

[0078] Though the above-mentioned first and second embodiments are concerned in CDMA, it should be noted that 
the present invention may be applied not only to CDMA, but also to TDM A or FDMA by separating a plurality of incoming 
waves by means of training series or in-phase series, as suggested in H. Yoshino, K, Fukawa and H. Suzuki, "Inter- 
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ference Canceling Equalizer (ICE) for Mobile Radio Communications", Proc. ICC, pp. 1427-1432 (1994). 



Claims 

5 

1 . An adaptive antenna receiving apparatus which receives signals at a plurality of antennas (1 -1 to 1 -N), multiplies 
each of the thus received signals with a weighting coefficient, and adds the products to one another to thereby 
detect the signals, 

characterized by: 

10 

(a) initial receipt weight calculators (3-1-2 to 3-M-2) each of which calculates an initial weighting coefficient, 
based on the received signals; and 

(b) adaptive receivers (3-1-1 to 3-M-1 ) each of which updates the weighting coefficient in accordance with the 
received signals. 

15 

2. The adaptive antenna receiving apparatus as set forth in claim 1 , wherein the signals are comprised of a plurality 
of burst signals to be received at a certain interval, and wherein the initial receipt weight calculators (3-1 -2 to 3-M- 
2) calculate the initial weighting coefficient for each of the burst signals, and the adaptive receivers (3-1 -1 to 3-M- 
1) update the weighting coefficient in accordance with the received signals in the same burst signal. 

20 

3. The adaptive antenna receiving apparatus as set forth in claim 1 , wherein each of the adaptive receivers (3-1 -1 
to 3-M-1 ) receives signals in an adaptive antenna pattern in an order in which the signals arived at the antennas 
(1 -1 to 1 -N), and each of the initial receipt weight calculators (3-1 -2 to 3-M-2) calculates an initial antenna pattern 
for each of the signals, and outputs the thus calculated initial antenna pattern to each of the adaptive receivers 

25 (3-1-1 to 3-M-1), 

the adaptive antenna receiving apparatus further comprising: an adder (4) which adds output signals trans- 
mitted from each of the adaptive receivers (3-1-1 to 3-M-1), to one another; and a judge (5) which symbol-judges 
an output signal transmitted from the adder (4), and transmits an output signal to each of the adaptive receivers 
(3-1-1 to 3-M-1). 

30 

4. The adaptive antenna receiving apparatus as set forth in claim 3, wherein each of the adaptive receivers (3-1 -1 
to 3-M-1) is comprised of: 

(b1) a plurality of first multipliers (12-1 to 12-N) each of which multiplies each of the received signals with a 
weighting coefficient; 

(b2) an adder (13-1 ) which outputs transmitted from the first multipliers (12-1 to 12-N), to one another; 
(b3) a communication path estimating unit (16) which estimates a communication path, based on an output 
signal transmitted from the adder (13-1), and outputs a first signal Indicative of an estimated communication 
path; 

(b4) a second multiplier (15-2) which multiplies an output signal transmitted from the judge (5), with the first 
signal; 

(b5) a subtracter (13-2) which subtracts an output signal transmitted from the second multiplier (15-2), from 
an output signal transmitted from the adder (13-1); and 

(b6) an updating unit (11) which adaptively calculates receipt weight, based on an output signal transmitted 
from the subtracter (13-2), a signal obtained by delaying the received signals, and initial receipt weight trans- 
mitted from each of the initial receipt weight calculators (3-1 -2 to 3-M-2), 

each of the adaptive receivers (3-1-1 to 3-M-1 ) controlling its receipt weight independently of other adaptive 
receivers (3-1-1 to 3-M-1). 

50 

5. The adaptive antenna receiving apparatus as set forth in claim 3, wherein each of the initial receipt weight calcu- 
lators (3-1-2 to 3-M-2) is comprised of: 

(c1) a plurality of communication path estimating units (21-1 to 21 -N) each receiving each of signals received 
55 in the antennas (1-1 to 1-N); and 

(c2) a plurality of complex conjugate generators (22-1 to 22-N) each receiving an output signal transmitted 
from each of the communication path estimating units (21-1 to 21 -N), 
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and wherein an output signal transmitted from each of the complex conjugate generators (22-1 to 22-N) is 
transmitted to each of the adaptive receivers (3-1 -1 to 3-M-1 ) as an initial value for weight control to be nnade in 
each of the adaptive receivers (3-1 -1 to 3-M-1). 

The adaptive antenna receiving apparatus as set forth in claim 3, wherein each of the initial receipt weight calcu- 
lators (3-1-2 to 3-M-2) is comprised of: 

(c1) a plurality of communication path estimating units (21-1 to 21 -N) each receiving each of signals received 
in the antennas (1 -1 to 1 -N); 

(c2) a direction estimating unit (43) which estimates a direction in which a signal comes to the antennas (1-1 
to 1-N), based on output signals transmitted from the communication path estimating units (21 -1 to 21 -N); and 
(c3) a receipt weight calculator (44) which calculates receipt weight, based on output signals transmitted from 
the direction estimating unit (43), 

and wherein the receipt weight calculator (44) transmits its output signal to each of the adaptive receivers 
(3-1-1 to 3-M-1) in accordance with a signal transmitted from each of the delay detectors as an initial value for 
weight control to be made in each of the adaptive receivers (3-1-1 to 3-M-1). 

The adaptive antenna receiving apparatus as set forth in claim 3, wherein the adaptive antenna receiving apparatus 
is of the CDMA type. 

The adaptive antenna receiving apparatus as set forth in claim 7, wherein each of the adaptive receivers (3-1 -1 
to 3-M-1) is comprised of: 

(b1) a plurality of reverse diffusion units (10-1 to 10-N) each associated with each of the signals received in 
the antennas (1-1 to 1-N); 

(b2) a plurality of first multipliers (12-1 to 12-N) each of which multiplies each of output signals transmitted 
from the reverse diffusion units (10-1 to 10-N), with a weighting coefficient; 

(b3) an adder (13-1) which outputs transmitted from the first multipliers (12-1 to 12-N), to one another; 
(b4) a communication path estimating unit (16) which estimates a communication path, based on an output 
signal transmitted from the adder (13-1), and outputs a first signal indicative of an estimated communication 
path; 

(b5) a second multiplier (15-2) which multiplies an output signal transmitted from the judge (5), with the first 
signal; 

(b6) a subtracter (13-2) which subtracts an output signal transmitted from the second multiplier (15-2), from 
an output signal transmitted from the adder (13-1); and 

(b7) an updating unit (11) which adaptively calculates receipt weight, based on an output signal transmitted 
from the subtracter (13-2), signals obtained by delaying signals transmitted from the reverse diffusion units 
(10-1 to 10-N), and initial receipt weight transmitted from each of the initial receipt weight calculators (3-1-2 
to 3-M-2), 

each of the adaptive receivers (3-1 -1 to 3-M-1 ) controlling its receipt weight independently of other adaptive 
receivers (3-1-1 to3-M-1). 

The adaptive antenna receiving apparatus as set forth in claim 7, wherein each of the initial receipt weight calcu- 
lators (3-1 -2 to 3-M-2) is comprised of: 

(c1) a plurality of reverse diffusion units (20-1 to 20-N) each associated with each of the signals received in 
the antennas (1-1 to 1-N); 

(c2) a plurality of communication path estimating units (21-1 to 21 -N) each receiving an output signal trans- 
mitted from each of the. reverse diffusion units (20-1 to 20-N); and 

(c3) a plurality of complex conjugate generators (22-1 to 22-N) each receiving an output signal transmitted 
from each of the communication path estimating units (21-1 to 21 -N), 

and wherein an output signal transmitted from each of the complex conjugate generators (22-1 to 22-N) is 
transmitted to each of the adaptive receivers (3-1-1 to 3-M-1) as an initial value for weighting control to be made 
in each of the adaptive receivers (3-1-1 to 3-M-1). 
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10. The adaptive antenna receiving apparatus as set forth in claim 7, wherein each of the initial receipt weight calcu- 
lators (3-1-2 to 3-M-2) is comprised of: 

(c1) a plurality of reverse diffusion units (41-1 to 41 -N) each associated with each of the signals received in 
5 the antennas (1 -1 to 1 -N); 

(c2) a plurality of communication path estimating units (42-1 to 42-N) each receiving an output signal trans- 
mitted from each of the reverse diffusion units (41-1 to 41 -N); 

(c3) a direction estimating unit (43) estimating the direction in which a signal comes to the antennas (1-1 to 
1-N), based on output signals transmitted from the communication path estimating units (42-1 to 42-N); and 
10 (c4) a receipt weight calculator (44) which calculates receipt weight, based on output signals transmitted from 

the direction estimating unit (43), 

and wherein the receipt weight calculator (44) transmits its output signal to each of the adaptive receivers 
(3-1 -1 to 3-M-1 ) as an initial value for weight control to be made in each of the adaptive receivers (3-1 -1 to 3-M-1 ). 

15 

11. The adaptive antenna receiving apparatus as set forth in claim 3, further comprising a plurality of delay detectors 
(3-1 -3 to 3-M-3) each of which detects the directional difference between receipt weight calculated by each of the 
adaptive receivers (3-1-1 to 3-M-1)and the direction in which the signals come to the antennas (1-1 to 1-N), esti- 
mated by the Initial receipt weight calculators, and notifies each of the initial receipt weight calculators that the 

20 directional difference is over a predetermined directional difference threshold such that each of the initial receipt 

weight calculators (3-1-2 to 3-M-2) transmits the initial receipt weight to each of the adaptive receivers (3-1-1 to 
3-M-1). 

12. The adaptive antenna receiving apparatus as set forth in claim 1 1 . wherein each of the adaptive receivers (3-1 -1 
25 to 3-M-1 ) is comprised of: 

(b1) a plurality of first multipliers (12-1 to 12-N) each of which multiplies each of the received signals with a 
weighting coefficient; 

(b2) an adder (13-1) which outputs transmitted from the first multipliers (12-1 to 12-N), to one another; 
30 (b3) a communication path estimating unit (16) which estimates a communication path, based on an output 

signal transmitted from the adder (13-1), and outputs a first signal indicative of an estimated communication 
path; 

(b4) a second multiplier (15-2) which multiplies an output signal transmitted from the judge (5), with the first 
signal; 

35 (b5) a subtracter (13-2) which subtracts an output signal transmitted from the second multiplier (15-2), from 

an output signal transmitted from the adder (13-1); and 

(b6) an updating unit (11) which calculates receipt weight, based on an output signal transmitted from the 
subtracter (13-2), a signal obtained by delaying the received signals, and the initial receipt weight, 

40 each of the adaptive receivers (3-1 -1 to 3-M-1 ) controlling Its receipt weight Independently of other adaptive 

receivers (3-1-1 to 3-M-1) and outputting the controlled receipt weight to each of the delay detectors (3-1 -3 to 3-M- 
3). 

13. The adaptive antenna receiving apparatus as set forth in claim 11 , wherein each of the initial receipt weight cal- 
45 culators (3-1 -2 to 3-M-2) is comprised of: 

(c1) a plurality of communication path estimating units (42-1 to 42-N) each receiving each of signals received 
in the antennas (1 -1 to 1 -N); 

(c2) a direction estimating unit (43) estimating the direction in which a signal comes to the antennas (1-1 to 
50 1-N), based on output signals transmitted from the communication path estimating units (42-1 to 42-N); and 

(c3) a receipt weight calculator (44) which calculates receipt weight, based on output signals transmitted from 
the direction estimating unit (43), 

and wherein the direction estimating unit (43) transmits its output signal to the receipt weight calculator (44), 
55 and the receipt weight calculator (44) transmits its output signal to each of the adaptive receivers (3-1-1 to 3-M- 

1) in accordance with a signal transmitted from each of the delay detectors (3-1-3 to 3-M-3) as initial value for 
weight control to be made in each of the adaptive receivers (3-1-1 to 3-M-1). 
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14. The adaptive antenna receiving apparatus as set forth in claim 11 , wherein each of the delay detectors (3-1-3 to 
3-M-3) is comprised of: 

(d1 ) a peak direction detector (51 ) which detects a direction of maximum directivity of the receipt weight, based 
on receipt weight transmitted from the adaptive receivers (3-1-1 to 3-M-1); and 

(d2) a comparator (52) detecting the difference in a peak direction between a direction transmitted from each 
of the initial receipt weight calculators (3-1-2 to 3-M-2)and the direction of maximum directivity, and transmits 
a signal to the initial receipt weight calculators (3-1-2 to 3-M-2) such that each of the initial receipt weight 
calculators (3-1-2 to 3-M-2) transmits the initial receipt weight, when the difference is over a predetemnined 
threshold difference. 

15. The adaptive antenna receiving apparatus as set forth in claim 11 , wherein the adaptive antenna receiving appa- 
ratus is of the CDMA type. 

16. The adaptive antenna receiving apparatus as set forth in claim 15, wherein each of the adaptive receivers (3-1-1 
to 3-M-1) is comprised of: 

(b1) a plurality of reverse diffusion units (10-1 to 10-N) each associated with each of the signals received in 
the antennas (1-1 to 1-N); 

(b2) a plurality of first multipliers (12-1 to 12-N) each of which multiplies each of output signals transmitted 
from the reverse diffusion units (10-1 to 10-N), with a weighting coefficient; 

(b3) an adder (13-1) which outputs transmitted from the first multipliers (12-1 to 12-N), to one another; 
(b4) a communication path estimating unit (16) which estimates a communication path, based on an output 
signal transmitted from the adder (13-1). and outputs a first signal indicative of an estimated communication 
path; 

(b5) a second multiplier (15-2) which multiplies an output signal transmitted from the judge (5), with the first 
signal; 

(b6) a subtracter (13-2) which subtracts an output signal transmitted from the second multiplier (15-2), from 
an output signal transmitted from the adder (13-1); and 

(b7) an updating unit (11) which calculates receipt weight, based on an output signal transmitted from the 
subtracter (13-2), signals obtained by delaying signals transmitted from the reverse diffusion units (10-1 to 
1 0-N), and the initial receipt weight transmitted from each of the initial receipt weight calculators (3-1 -2 to 3-M- 
2). 

each of the adaptive receivers (3-1 -1 to 3-M-1 ) controlling its receipt weight independently of other adaptive 
receivers (3-1-1 to 3-M-1) and outputting the controlled receipt weight to each of the delay detectors. 

17. The adaptive antenna receiving apparatus as set forth in claim 15, wherein each of the initial receipt weight cal- 
culators (3-1-2 to 3-M-2) is comprised of: 

(c1) a plurality of reverse diffusion units (41-1 to 41 -N) each associated with each of the signals received in 
the antennas (1-1 to 1-N); 

(c2) a plurality of communication path estimating units (42-1 to 42-N) each receiving an output signal trans- 
mitted from each of the reverse diffusion units (41 -1 to 41 -N); and 

(c3) a direction estimating unit (43)estimating the direction in which a signal comes to the antennas (1-1 to 
1-N), based on output signals transmitted from the communication path estimating units (42-1 to 42-N); and 
(c4) a receipt weight calculator (44) which calculates receipt weight, based on output signals transmitted from 
the direction estimating unit (43), 

the direction estimating unit (43) transmitting its output signal to the receipt weight calculator (44), 

the receipt weight calculator (44) transmits its output signal to each of the adaptive receivers (3-1 -1 to 3-M- 

1) in accordance with a signal transmitted from each of the delay detectors as an initial value for weight control to 

be made in each of the adaptive receivers (3-1-1 to 3-M-1). 

18. The adaptive antenna receiving apparatus as set forth in claim 15, wherein each of the delay detectors (3-1 -3 to 
3-M-3) is comprised of: 

(d1 ) a peak direction detector (51 ) detecting the direction of maximum directivity of the receipt weight, based 
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on receipt weight transmitted from the adaptive receivers (3-1-1 to 3-M-1); and 

(d2) a comparator (52) detecting the difference in a peak direction between the direction transmitted from each 
of the initial receipt weight calculators (3-1 -2 to 3-M-2) and the direction of maximum directivity, and transmitting 
a signal to t initial receipt weight calculators (3-1 -2 to 3-IVI-2) such that each of the initial receipt weight calcu- 
5 lators (3-1 -2 to 3-M-2) transmits the initial weight, when the difference is over a predetermined threshold dif- 

ference. 
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